A miniature tactical Rb frequency standard by Magnuson, R. et al.
A MINIATURE TACTICAL Rb FREQUENCY STANDARD 
T. M. Kwon, R .  D a g l e ,  W .  D e b l e y ,  
H .  D e l l a m a n o ,  T. Hahn, J .  H o r s t e ,  
L. K .  Lam, R .  Magnuson and  T. M c C l e l l a n d *  
L i t t o n  G u i d a n c e  a n d  C o n t r o l  S y s t e m s  
5500 Canoga Ave. ,  Woodland H i l l s ,  C A  91 364 
ABSTRACT 
Work on a n  i n n o v a t i v e  d e s i g n  f o r  m i n i a t u r e  
r u b i d i u m  f r e q u e n c y  s t a n d a r d s  h a s  r e a c h e d  t h e  
p r e - p r o d u c t i o n  d e m o n s t r a t i o n  s t a g e  a t  L i t t o n  
G u i d a n c e  and  C o n t r o l  S y s t e m s .  P r e - p r o d u c t i o n  
u n i t s  h a v e  b e e n  b u i l t  a n d  t e s t e d  u n d e r  c o n t r a c t  
t o  t h e  Rome Air Development  C e n t e r  o f  t h e  U.S. 
Air F o r c e  S y s t e m s  Command. The u n i t s ,  wh ich  
a r e  d e s i g n e d  f o r  u s e  i n  t a c t i c a l  m i l i t a r y  
a p p l i c a t i o n s ,  f e a t u r e  f a s t  warm-up, low power 
c o n s u m p t i o n ,  a n d  v i b r a t i o n  i n s e n s i t i v i t y .  The 
c u t p u t  s t a b i l i t y  u n d e r  v i b r a t i o n  is m a i n t a i n e d  
w i t h o u t  t h e  n e e d  f o r  e x t e r n a l  s h o c k - m o u n t s .  
The d e s i g n  o b j e c t i v e s  a n d  t e s t  r e s u l t s  a r e  
d i s c u s s e d .  
INTRODUCTION 
R e p o r t e d  h e r e i n  are  d e s i g n  c o n s i d e r a t i o n s  a n d  p r e l i m i n a r y  tes t  
r e s u l t  o f  t h e  p r e - p r o d u c t i o n  model  T a c t i c a l  Rubid ium F r e q u e n c y  
S t a n d a r d  (TRFS.) d e v e l o p e d  by t h e  G u i d a n c e  a n d  C o n t r o l  S y s t e m s  
D i v i s i o n ,  L i t t o n  S y s t e m s ,  I n c . ,  u n d e r  c o n t r a c t  w i t h  t h e  R me Air 
Development  C e n t e r  o f  t h e  U.S. Air F o r c e  S y s t e m s  Command. ? 
The TRFS must  be  c a p a b l e  o f  o p e r a t i n g  u n d e r  s e v e r e  e n v i r o n m e n t a l  
c o n d i t i o n s ,  s p e c i f i c a l l y  e x t r e m e  o p e r a t i n g  t e m p e r a t u r e s  a n d  v i -  
b r a t i o n s .  An i n n o v a t i v e  d e s i g n  o f  a r u b i d i u m  f r e q u e n c y  s t a n d a r d  
was n e c e s s a r y  i n  o r d e r  t o  meet t h e s e  r e q u i r e m e n t s  and  t o  r e a l i z e  
s m a l l  s i z e ,  f a s t  warm-up, a n d  low power c o n s u m p t i o n .  S e v e r a l  
d e s i g n  f e a t u r e s  a re  c o n s i d e r e d  u n i q u e  t o  t h e  L i t t o n  TRF?. a n d  are  
d i s c u s s e d  b r i e f l y .  The L i t t o n  TRFS d e v e l o p m e n t  p r o g r a m  1-33 
r e a c h e d  t h e  p r e - p r o d u c t i o n  d e m o n s t r a t i o n  s t a g e ,  a n d  f u r t h e r  
d e v e l o p m e n t a l  e f f o r t s  a r e  c o n t i n u i n g .  P r e s e n t e d  i n  t h i s  p a p e r  
a r e  p r e l i m i n a r y  t e s t  r e s u l t s  a v a i l a b l e  f rom t h e  L i t t o n  p r e - p r o  
d u c t i o n  model  TRFS a t  t h e  d e m o n s t r a t i o n  s t a g e .  The L i t t o n  TRFS 
is Shawn i n  F i g u r e  1 , a n d  m e a s u r e s  3-1 /4"  W x 4-1 /2 "  L x 3-1 / 4 "  H 
e x c l u d i n g  c o n n e c t o r s .  
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DESIGN CONSIDERATIONS 
Rubidium P h v s i c s  Package  
Shown i n  F i g u r e  2 I s  t h e  i t t o n  TRFS p h y s i c s  p a c k a g e  modu le .  
The module  c o n t a i n s  a  Rb8\ e l e c t r o d e l e s s  d i s c h a r g e  lamp a n d  
lamp d r i v e r  c i r c u i t r y ,  a  6 .8  GHz mic rowave  c a v i t y ,  a n d  a  p a i r  
o i l s  g e n e r a t i n g  a  u n i  rm m a g n e t i c  f i e l d .  A s e p a r a t e  ;i8' f i l t e r  c e l l  and  a Rbeq r e s o n a n c e  c e l l  a re  l o c a t e d  
i n s i d e  t h e  mic rowave  c a v i t y .  Both  c e l l s  are  o f  c y l i n d r i c a l  
s h a p e ,  12  mm d i a  x 8 mm l e n g t n .  The r u b i d i u m  l i g h t  f r o m  t h e  
lamp is d i r e c t e d  t h r o u g h  o p t i c a l  l e n s e s  t o  t h e  f i l t e r  c e l l ,  
t h e  r e s o n a n c e  c e l l ,  a n d  f i n a l l y  t o  t h e  p h o t o d e t e c t o r  mounted  
on t h e  o u t s i d e  o f  t h e  mic rowave  c a v i t y .  
The g l a s s  e n v e l o p e  o f  t h e  lamp is d e s i d n e d  t o  a l l o w  s t r o n g  
a d h e s i o n  o f  l i q u i d  r u b i d i u m  o n t o  t h e  g l a s s  w a l l ,  a d e s i r e d  
f e a t u r e  f o r  a  lamp t o  b e  v i b r a t i o n  r e s i s t a n t .  The lamp 
d r i v e r  c i r c u i t r y  is o f  t h e  c o n v e n t i o n a l  t y p e ,  m o d i f i e d  f o r  
f a s t  lamp s t a r t - u p .  The lamp s t a r t s  w i t h i n  10  sec a n d  30  
s e c  a t  room t e m p e r a t u r e  a n d  a t  -55OC, r e s p e c t i v e l y .  Lamp 
s t a r t  up i n  a  "wrong d i s c h a r g e  modew is p r e v e n t e d  t h r o u g h  
a n  e l e c t r o n i c  c o n t r o l  u n d e r  a l l  power o f f - o n  c o n d i t i o n s .  
Both  t h e  lamp h o u s i n g  and  t h e  c a v i t y  a re  m a i n t a i n e d  a t  
e l e v a t e d  t e m p e r a t u r e s  by s t r i p  h e a t e r s .  The s t r i p  h e a t e r s  
r e p r e s e n t  a n  e x t e n d e d  u n i f o r m  h e a t  s o u r c e ,  r a t h e r  t h a n  a  
p o i n t  s o u r c s ,  and  t e n d  t o  r e d u c e  t h e  t e m p e r a t u r e  g r a d i e n t  
a c r o s s  t h e  h e a t e d  b l o c k .  Un ique  d e s i g n  o f  t h e  s t r i p  h e a t e r  
t e m p e r a t u r e  c o n t r o l  c i r c u i t r y  m i n i m i z e s  s t r a y  m a g n e t i c  
f i e l d s ,  which  would c a u s e  a n  e x c e s s i v e  f r e q u e n c y  s h i f t  when 
h e a t e r  c u r r e n t  c h a n g e s ,  f o r  e x a m p l e ,  a s  a  f u n c t i o n  o f  
e n v i r o n m e n t a l  t e m p e r a t u r e s .  
The microwa e  c a v i t y  is o f  r e c t a n g u l a r  s h a p e  a s  d e s c r i b e d  
p r e v i o u s l y .  3 s 3  The e v t r e m e l y  s m a l l  s i z e  o f  t h e  c a v i t y  h a s  
r e s u l t e d  i n  r a p i d  warm-up, a s  i t  w i l i  b e  shown l a t e r ,  w i t h  
low peak  warm-up power .  
The e n t i r e  p h y s i c s  e i e m e n t s  a r e  e n c l o s e d  w i t h i n  two l a y e r s  
o f  m a g n e t i c  s h i e l d s .  The o u t e r  s h i e l d ,  which is s e e n  i n  
F i g u r e  2 ,  m e a s u r e s  1-3/811 x 1-3/81' x  3 " .  I t s  p e r f o r m a n c e  
c h a r a c t e r i s t i c s  a r e  s i m i l a r  t o  t h o s e  d e s c r i b e d  p r e v i o u s l y .  4  
VCXO 
The VCXO is a  s e l f - c o n t a i n e d  module  ( 1 . 2 "  x 1 . 2 "  x  2 . 4 " )  
c o m p l e t e  w i t h  h e a t e r s  and  o s c i l l a t o r  e l e c t r o n i c  c i r c u i t r y .  5 
The q u a r t z  c r y s L a l  i n  t h e  VCXO is a SC-cb t  10  M H z 1 6 r y s t a l  
h a v i n g  a n  a c c e l e r a t i o n  s e n s i t i v i t y  o f  Y 4  x 1 0  / g .  The 
VCXO module is mounted  on a  s e t  o f  w i r e - s u s p e n d e d  v i b r a t i o n  
i s o l a t o r s  i n s i d e  t h e  TRFS p a c k a g e .  
The w i r e - s u s p e n d e d  i s o l a t o r s  were c h o s e n  i n s t e a d  o f  t h e  
c o n v e n t i o n a l  r u b b e r - t y p e  p r i m a r i l y  d u e  t o  t h e i r  c o n s i s t e n t  
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FRACTIONAL FREQUENCY 
characteristics under all temperatures, (The rubber mounts 
tend to harden at low temperatures.) The isolator trans- 
missibility is designed to have a minimal resonance rise 
while providing a high attenuation of vibration inputs at 
high frequencies . 
Vibration-induced sidebands of the VCXO output, including 
those at the isolator resonance rise, are minimi~ed by a 
fast VCXO control servo loop (bandwidth -100 Hz). 
Vibration Sensitivity Design Considerations 
Sources of vibration sensitivity in a conventicnal rubidium 
frequency standa d have shown to be both the VCXO and the 
physics package.? Since the output of a ruoidium frequency 
standard is essentially that of a VCXO, vibrat ion-induced 
sidebands of the VCXO appear directly in the frequency stan- 
dard output at all vibration frequencies. In most frequency 
standard applications, either as a clock or as a stable, 
low-noise frequency sokrce, the vibration-induced sidebands 
do not appear to be a serious drawback at high vibration 
frequencies. In order to improve the low Frequency vibra- 
tion sensitivity of the Litton TRFS ovsr that of a conven- 
tional rubidium frequency standard, a large bandwi tk ( - 1 0 0  
Hz) is implemented in the VCXO control servo loop. t! 
Unlike a VCXO, the physics package is not intrinsically 
vibration sensitive. Vibration sensitivity of the physics 
package is generally considered zs an engineering design 
challenge. In a typical mechanization of a rubidium fre- 
quency standard such as the Litton TRFS, rubidium atomic 
resonance signal is in the form of a modulated (ac) light 
intensity riding on top of a large dc light background. 
The ac portion of the light, i.e., the resonance signal, is 
an extremely small fraction of the total light intensity 
detected by the photodetector. The ac signal is demodu- 
lated in a conventional phase sensitive detector, and pro- 
cessed further to generate dc control voltage for the VCXO. 
Any spurious modulation in the detected dc lignt intensity 
in addition to the resonance signal, generates an erroneous 
control voltage. Such an effect is most significant when 
the spurious modulation frequency is close to the modula- 
tion frequency (fmOd) of the phase sensitive detector. The 
spurious modulation may be a result of, for example, 
periodic displacement of the lamp with respect to the 
photodetector under vibration. The TRFS physics package is 
designed for maximal mechanical integrity of the whole 
while allowing for adequata thermal isolation of the 
different components operated at different temperatures. 
Vibration-induced sidebands of the VCXO also cause spurious 
light intensity modulation. The VCXO control servo loop is 
upset when the vibration frequency is close to 2xfmOd. In 
order to reduce the vibration input at this frequency, the 
Litton TRFS incorporates a shock-mounted VCXO. 
E l e c t r i c a l  D e s i g n  
- 
One i m p o r t a n t  a s p e c t  o f  t h e  e l e c t r i c a l  d e s i g n  is t o  m i n i -  
mize s p u r i o u s  s i g n a l s  w h i c h  may u p s e t  t h e  VCXO c o n t r o l  
s e r v o  l o o p  r e s u l t i n g  i n  a n  e r r o n e o u s  o u t p u t  f n e q u e n c y .  Any 
s p u r i o u s  s i g n a l  a t  f r e q u e n c i e s  c l o s e  t o  f . . .  u p s e t s  t h e  
VCXO c o n t r o l  l o o p  a s  a s p u r i o u s  l i g h t  i n c '  i ' i y  m l ~ d u l a t i o n  
d o e s .  The i n t e r f e r e n c e  e f f e c t s  observedsc;:  a r u b i d i u m  
f r e q u e n c y  s t a n d a r d  o p e r a t i n g  i n  t h e  v i c i n i t y  o f  o t h e r s  
d e m o n s t r a t e s  t h e  e f f e c t  o f  t h e  s p u r i o u s  s i g n a l  p i c k - u p .  
S p u r i o u s  s i g n a l s  may b e  p i c k e d  u p  f r o m  t h e  v o l t a g e  r i p p l e  
p r e s e n t  i n  t h e  i n p u t  p o w e r  l i n e ,  i f  n o t  r e g u l z t e d  
a d e q u a t e l y .  
The L i t t o n  TRFS a c c e p t s  two  s e p a r a t e  p o w e r  i n p u t s :  o n e  f o r  
a l l  h e a t e r s  a n d  t h e  o t h e r  f o r  a l l  electronics. B o t h  p o w e r  
i n p u t s  may b e  22V t o  33VDC w i t h  r i p p l e s  a s  l a r g e  a s  3Vrms 
a t  a u d i o  f r e q u e n c i e ~ ,  a n d  may c o n t a i n  h i g h  v o l t a g e  
t r a n s i e n t s .  
V o l i a g e  r e g u l a t i o n  f o r  e l e c t r o n i c s  is a c c o m p l i s h e d  by a  
s w i t c h i n g  D C / D C  c o n v e r t e r  f o l l o w e d  by a l i n e a r  r e g - l a t i o n  
s t a g e .  T h i s  c o m b i n a t i o n  p r o v i d e s  a d e q u a t e  r i p p l e  r e g u l a -  
t i o n  a n d  c o a s t a n t  p o w e r  d i s s i p a t i o n  a t  a l l  i n p u t  v o l t a g e  
c o n d i t i o n s .  The f e a t u r e  o f  c o n s t a n t  p o w e r  d i s s i p a t i o n  
m i n i m i z e s  i n p u t  v o l t a g e  d e p e n d e n t  f r e q u e n c y  s h i f t  ( v i a  
t e m p e r a t u r e  d e p e n d e n c e  of o u t p u t  f r e q u e n c y ) .  
The  6.8 GHz r e s o n a n c e  i n t e r r o g a t i o n  f r e q u e n c y  is  g e n e r a t e d  
by a s t e p  r e c o v e r y  d i o d e  (SRD), w h i c h  is d r i v e n  by -40 MHz.  
Direct f r e q u e n c y  s y n t h e s i s  t e c h n i q u e  is u s e d  t o  g e n e r a t e  40 
MHz f r o m  t h e  VCXO 10 M H z .  
The r u b i d i u m  r e s o n a n c e  s i g n a l  is d e t e c t e d  i n  a c o n v e n t i o ~ a l  
way w i t h  s i n u s o i d a l  m o d u l a t i o n  t e c h n i q u e .  The  m o d u l a t i o n  
w a v e s h a p e  is g e n e r a t e d  p i e c e w i s e  d i g i t a l l y  t h r o u g h  d i v i d i n g  
t h e  VCXO 10 MHz a n d  a d d i n g  t h e  r e s u l t a n t  s q u a r e  w a v e s  w i t h  
p r o p e r  a m p l i t u d e s .  
T e m p e r a t u r e  c o n t r o l  c i r c u i t r y ,  w h j c h  m a i n t a i n s  t h e  l a m p  a n d  
t h e  c a v i t y  a t  e l e v a t e d  t e m p e r a t u r e s ,  is o f  h i g h  g a i n ,  a n d  
u t i l i z e s  b o t h  p r o p o r t i o n a l  a n d  i n t e g r a l  g a i n .  C o m b i n a t i o n  
o f  u n i q u e  c i r c u i t  d e s i g n  a n d  t h e  s t r i p  heater  m i n i m i z e  t h e  
s t r a y  m a g n e t i c  f i e l d  g e n e r a t e d  by h e a t e r  c u r r e n t .  
The  e n t i r e  c i r c u i t r y  is c o n t a i n e d  i n  f i v e  c i r c u i t  ca rds ,  
e a c h  h a v i n g  t h e  s i z e  o f  -3"x3" .  E a c h  card c o n t a i n s  more  
t h a n  o n e  l a y e r  o f  g r o u n d  p l a n e  w h i c h  a c t s  a l s o  a s  h e a t  
p a t h s  f o r  e l e c t r o n i c  c o m p o n e n t s .  N e i t h e r  h y b r i d s  n o r  L S I t s  
are u s e d  i n  t h e  e n t i r e  d e s i g n ;  a l l  c o m p o n e n t s  a re  d i s c r e t e  
d e v i c e s .  
A l l  mater ia l ,  c o m p o n e n t s ,  p r o c e s s e s  a n d  c o n s t r u c t i o n  
m e t h o d s  a r e  i n  a c c o r d a n c e  w i t h  t h e  g o v e r n i n g  m i l i t a r y  
s p e c i f i c a t i o n s  a n d / o r  w i t h  t h e  a c c e p t e d  m i l i t a r y  p r a c t i c e .  
Mechanical Desinn 
The Li t ton TRFS package is designed w i t h  a  modular concept: 
f i v e  c i r c u i t  c a rds ,  EM1 f i l t e r - m u l t i p i n  coniiector module, 
physics package, and V C X O  module. One of the f i v e  c i r c u i t  
cards  is a  mother board i n t o  which a l l  modules a r e  plugged, 
,do hard-wiring is necessary between the  modules; miniature 
RF connectors a r e  used f o r  a l l  coaxia l  cable connections.  
The package bonding is per the governing mi l i t a ry  spec;- 
f i c a t i o n .  The case may be sea!.ed by laser-weld,  i f  
necessary,  f o r  water immersibi l i ty .  Heat d i ~ s i p ~ t i o n  is 
accomplished pr imari ly  by conduction through chass i s  
s t r u c t u r e  t o  the  basepla te .  
Vibrat ional  c h a r a c t e r i s t i c s  of the e n t i r e  s t r u c t u r e  was 
s tudied by f i n i t e  element method, and was determirled t o  be 
s a t i s f a c t o r y .  
PRELIMINARY TEST RESULTS 
The TRFS development program has reached a  d~mons t r a t i on  s t age  a t  
L i t ton .  As a  par t  of ;lanned design v e r i f i c a t i o n  t e s t s ,  the TRFS 
un i t  has been subjected t o  a  number of funct ional  and environmen- 
t a l  t e s tL .  Design modificat ions a r e  planned i f  the  t e s t  r e s u l t s  
warrant them, Such modif ica t ions ,  i f  ~?eces,-.dry, a r e  expected t o  
be minor in nature .  When completed, tke  TRFS uni t  w i l l  be rub- 
Jected t o  r igorous mi l i t a ry  q u a l i f i c a t i o n  t e s t i n g .  Discussed i n  
t h i s  s ec t i on  a r e  the t e s t  r e s u l t s  ava ' l ab le  t o  da te .  Design 
ve r i f i ca t i o r .  t e s t s  a r e  con t inu i rg .  
Sinusoidal  Vibration 
Figure 3a and 3b a r s  the  p l o t s  of f r a c t i o n a l  f req lency  
s h i f t  versus v ib ra t i on  frequency under s inuso ida l  v ib ra t i on  
of klg peak acce le ra t ion  f o r  v ib ra t ion  i n p u t s  a long  the 
o p t i c a l  a x i s  and along the  a x i s  perpendicular  t o  the b-se- 
p l a t e ,  r espec t ive ly .  
The opt- lca l  ax i s  i s  p a r a l l e l  t o  the  basepla te .  Bandwidth 
of the  frequency measurement system includ!ng the s t r i p -  
cha r t  reccrder  is a  few Hz, while the v ibra t ion  i n p u t  i s  
swept from 10 Hz t o  ?KHz a t  a  r a t e  of one octave/min. ,The 
hor izon ta l  ax i s  of Figures 3a and 3b is ,  however, l i n e a r  i n  
tims.) 
Refelmring to  Figur 3a, the observed frequency s h i f t  is 
l e s s  than k3 x 10-eO Prom the nominal under a l l  v ib ra t i on  
frequencies includjng those of fmod and a t  2xfmOd. 
Figure 3b is f o r  v ib ra t ion  i n p u t  applied along the  a x i s  
perpendicular  t o  the baseplht  and shows no o b s e r v ~ b l e  
frequency s h i f t  within s2x10-eb under a l l  v ib ra t i on  
frequencies except a s  noted below. 
A l a r g e  u n e x p e c t e d  f r e q u e n c y  s h i f t  was o b s e r v e d  i n  F i g u r e  
3b ,  when v ib : a t i on  f r e q u e n c y  is c l o s e  t o  fmod.  I n v e s t i g a -  
t i o n  r e v e a l e d  t h a t  a f a s t e n i n g  screw was l o o s e  d u r i n g  t h e  
t e s t  c a u s i n g  t h e  mic rowave  c a v i t y  r o c k  e x c e s s i v e l y  w i t h i n  
t h e  p h y s i c s  p a c k a g e .  
We n o t e  t h a t  no  m e a s u r a b l e  f r e q u e n c y  s h i f t  was o b s e r v e d  a t  
v i b r a t i o n  f r e q u e n c i e s  c l o s e  t o  2xf rnod ,  a n d  t h a t  o u t p u t  
f r e q u e n c i e s  a r e  well behaved  a t  low v i b r a t i o n  f r e q u e n c i e s .  
No l o s s  o f  r e s o n a n c e  l o c k  were s e e n  d u r i n g  t h e  m e a s u r e m e n t .  
Audio S u s c ? p t i b i l i t y  
Audio s u s c e p t i b i l i t y  r e f e r s  t o  t h e  TRFS o u t p u t  f r e q u e n c y  
d e p e n d e n c e  on  t h e  a u d i o  f r e q u e n c y  v o l t a g e  r i p p l e  p r e s e n t  i n  
t h e  i n p u t  power .  Test was c o n d u c t e d  w i t h  a 3Vrms r i p p l e  
added  t o  t h e  n o m i n a l  d c  v o l t a g e s  a p p l i e d  t o  t h e  power  i n p u t  
f o r  e l e c t r o n i c s .  The r i p p l e  f r e q u e n c y  was v a r i e d  s l o w l y  
f rom 5 Hz t o  2K Hz d w e l l i n g  f o r  a n  e x t e n d e d  p e r i o d  o f  time 
a t  r i p p l e  f r e q u e n c i e s  e q u a l  t o  1 /2 fm0  , f m D d ,  and  2 f m  d .  
No f r e q u e n c y  s h i c f O w a s  o b s e r v e d  beyon! the  msasuremen? 
p r e c i s i o n  ( 5 2 x 1 0  1. 
Warm-UD and  Power C o n s u m ~ t i o n  
F i g u r e s  4a alld 4b a r e  t y p i c a l  o u t p u t  f r e q u e n c y  b e h a v i o r  
d u r i n g  warm-up a f t e r  t e m p e r a t u r e  s o a k  a t  room t e m p e r a t u r e  
( n a t u r a l  c o n v e c t i o n )  and  a t  -55OC ( f o r c e d  a i r ) ,  r e s p e c -  
t i v e l y .  Warm-up t e s t  r e s u l t s  are  summar i zed  i n  T a b l e  I .  
T a b l e  I - L i t t o n  TRfS Warm-Up C h a r a c t e r i s t i c s  
T i m e  After Power-On 
Room Temp 
- -55OC 
o Lamp S t a r t  8  s e c  28  sec 
o Resonance  Lock 1 min 1 2  sec 2 rnin 22  sec 
o Warm-up t o  5x10  -10  1 min 39  sec 2 mi11 49 sec  
f rom t h e  f i n a l  f r e q .  
o T o t a l  S t e a d y  S t a t e  1 0 . 4  watts 1 9 . 5  watts 
Power 
o  T o t a l  peak  p?wer 8 4  ,. l t ts  8 4  w a t t s  
d u r i n g  warm- f o r  20 sec f o r  42 sec 
T e m p e r a t u r e  
No m e a s u r a b l e  f r e q u e n c y  s h t g t  was o b s e r v e d  beyond t h e  mea- 
s u r e m e n t  p r e c i s i o n  ( ~ 2 x 1 0 -  ) when t h e  TRFS was s u b j e c t e d  
t o  e n v i r o n m e n t a l  t e m p e r a t u r e  s t e p s  r a n g i n g  f r o m  -55OC t o  
+71 O C .  
O r i e n t a t i o n  
A r u b i d i u m  r e s o n a n c e  f r e q u e n c y  may b e  o r i e n t a t i o n  d e p e n d e n t  
u n d e r  t h e  i n f l u e n c e  o f  e a r t h  m a g n e t i c  f i e l d .  D i s p l a c e m e n t  
o f  p h y s i c s  e l e m e n t s  w i t h  r e s p e c t  t o  e a c h  o t h e r  u n d e r  g r a v i -  
t a t i o n  may a l s o  be a s o u r c e  o f  o r i e n t a t i o n  d e p e n d e n c y .  I n  
a p r o p e r l y  d e s i g n e d  p h y s i c s  p a c k a g e ,  b o t h  o f  these e f f e c t s  
are c o n s i d e r e d  t o  b e  n e g l i g i b l e .  P e r h a p s  t h e  mos t  s i g n i f -  
i c a n t  o i i e n t a t i o n  d e p e n d e n c e  o f  t h e  TRFS o u t p u t  f r e q u e n c y  
ar ises  f rom i ts  t e m p e r a t u r e  s e n s i t i v i t y ,  T h i s  is b e c a u s e  
t h e  ra te  o f  h e a t  d i s s i p a t i o n ,  a n d  t h e r e f o r e  t h e  b a s e p l a t e  
t e m p e r a t u r e  o f  t h e  TRFS, depend  o n  t h e  o r i e n t a t i o n .  Such  g 
t e m p e r a t u r e - r e l a t e d  f r e q u e n c y  s h i f t  was r e p o r t e d  by o t h e r s  
w h i l e  m e a s u r i n g  s t a t i c  g - s e n s i t i v i t y  o f  a n  o v e n - c o n t r o l l e d  
c r y s t a l  o s c i l l a t o r .  
The TRFS u n i t  was p o s i t i o n e d  a t  v a r i o u s  o r i e n t a t i o r , ~  w h i l e  
i ts  c q t p u t  f r e q u e n c y  was m o n i t o r e d  c o n t i n u o u s l y .  The u n i t  
was h e l d  f i x e d  a t  e a c h  o r i e n t a t i o n  f o r  a n  e x t e n d e d  p e r i o d  
o f  time i n  o r d e r  t o  o b s e r v e  any  t e m p e r a t u r e - r e l a t e d  f r e -  
quency  s h i f t .  No m e a s u r a b l e  f r e q u e n c y  g b i f t  was o b s e r v e d  
a b o v e  t h e  measu remen t  p r e c i s i o n  ( ~ 2 x 1 0 -  1. 
1 
I n p u t  V o l t a g e  V a r i a t i o n  
Similar a r g u m e n t  p r e s e n t e d  f o r  t h e  o r i e n t a t i o n  d e p e n d e n c e  
a p p l i e s  t o  t h e  i n p u t  v o l t a g e  d e p e n d e n c e .  I f  a  u n i t  d e p e n d s  
s o l e l y  on  a l i n e a r  v o l t a g e  r e g u l a t o r  whose heat d i s s i p a t i o n  
d e p e n d s  g r e a t l y  on  t h e  i n p u t  v o l t a g e  l e v e l ,  t e m p e r a t u r e  d 1 
d e p e n d e n c e  o f  t h e  o u t p u t  f r e q u e n c y  may be m a n i f e s t e d  a s  i f  
i t  were t h e  v o l t a g e  d e p e n d e n c e .  A s  d i s c u s s e d  e a r l i e r ,  t h e  
L i t t o n  TRFS i n c o r p o r a t e s  a s w i t c h i n g  D C / D C  c o n v e r t e r  j 
f o l l o w e d  by a l i n e a r  r e g u l a t o r .  
The L i t t o n  u n i t  was powered  a t  +22 Vdc a n d  t h e n  t h e  i n p u t  
v o l t a g e  was v a r i e d  t o  33 Vdc by s t e p s  o f  a  few v o l t s .  A t  
e a c h  v o l t a g e ,  t h e  u n i t  was o p e r a t e d  f o r  a n  e x t e n d e d  p e l l i o d  
o f  time t o  o b s e r v e  t e m p e r a t u r e - r e l a t e d  f r e q u e n c y  s h i f t .  No 
m e a s u r a b l e  f r e q ~ e n c ~ ~ s h i f t  was o b s e r v e d  w i t h  measu remen t  
p r e c i s i o n  o f  52x10 . 4 
t 
4 
Shor t -Te rm S t a b i l i t y  .j 
2 
S h o r t - t e m m  s t a b i l i t y  o f  5 4 x 1 0 - ~ '  a t  1 sec a v e r a g i n g  time 
was measu red  w i t h  p h a s e  n o i s e  5-70dWHz a t  1 Hz away f r o m  
t'le 10 MHz ca r r ie r .  Note  t h a t  t h e  m e a s u r e d  e t a b i l i t i e s  a re  
t h o s e  o f  p h y s i c s  r e s o n a n c e - ~ { g n a l ,  n o t  t h o s e  o f  VCXO. 
P h y s i c s  s t a b i l i t y  o f  52x10 is o b t a i n a b l e ,  i f  d e s i r e d ,  
w i t h  a m i n o r  m o d i f i c a t i o n .  
153 
- - .jl . - - 
, - .b 
4 
S U M M A R Y  A N D  ACKNOWLEDGEMENT 
D e s i g n  f e a t u r e s  u n i q u e  t o  t h e  L i t t o n  TRFS a re  p r e s e n t e d  b r i e f l y .  
P r e l i m i n a r y  t e s t  r e s u l t s  a re  r e p o r t e d .  D e m o n s t r a t e d  p e r f o r m a n c e  
c h a r a c t e r i s t i c s  o f  t h e  u n i t  u n d e r  v i b r a t i o n ,  e x c e l l e n t  warm-up 
time a n d  t e m p e r a t u r e  s e n s i t i v i t y  b r e a k  new g r o u n d s  f o r  t h e  
r u b i d i u m  f r e q u e n c y  s t a n d a r d  t e c h n o l o g y  t o  b e  b e n e f i c i a l  t o  many 
t a c t i c a l  m i l i t a r y  a p p l i c a t i o n s .  We w i s h  t o  e x p r e s s  o u r  a p p r e c i -  
a t i o n  f o r  e n c o u r a g e m e n t s  f r o m  Mr. Richmond ( D i c k )  T e r r e l l ,  D r .  
Emery Moore ,  Mr. H a r r y  D a u b e r t ,  Mr. A l e x  H e r t z b e r g ,  a n d  Mr. Dave 
D e u s e r .  Much o f  o u r  work h a s  r e c e i v e d  t e c h n i c a l  s u p p o r t  f r o m  !,ir. 
Chong C .  Lee a n d  Mr. Carl D a v i d s o n .  T e c h n i c a l  a d v i c e s  o f  Mr. 
B r u c e  G r o v e r ,  Mr. Howard Williams a n d  Mr. J i m  Steele  a re  
a c k n o w l e d g e d .  
REFERENCES 
1 .  Rome Air D e v e l o p m e n t  C e n t e r  o f  t h e  Air F o r c e  S y s t e m s  
Conmand, C o n t r a c t  No. F19628-83-C-0174 .  
2 .  T .  M .  Kwon, H.  Williams a n d  T .  M c C l e l l a n d ,  P r o c .  3 7 t h  Ann. 
F r e q .  C o n t r o l  Symp. ( 1 9 8 3 )  p .  1 2  
3  M .  T e t u ,  e t . a l . ,  Proc. 3 8 t h  An:. F r e q .  C o n t r o l  Symp. ( 1 9 8 4 ) ;  i n  p r i n t  
4 .  B.  G r o v e r  a n d  T .  Kwon, P r o c .  1 5 t h  PTTI M e e t i n g  ( 1 9 5 3 1 ,  p .  
6 7 7  
5 .  P u r c h a s e d  f r o m  F r e q u e n c y  E l e c t r o n i c s  I n c . ,  M i  t c h e l  F i e l d ,  
N . Y .  
6 .  T .  M .  Kwon a n d  T. Hahn ,  P r o c .  3 7 t h  Ann. F r e q .  C o n t r o l  Symp. 
( 1 9 8 3 1 ,  p .  1 8  
7 .  T. Kwon, B.  G r o v e r  a n d  H .  Wi l l i an~s ,  F i n a l  T e c h n i c a l  R e p o r t  
p r e p a r e d  f o r  RADC/USAF S y s t e m s  Command u n d e r  C o n t r a c t  No. 
F19628-82-C-C91!? {iiADC-TR-83-230 M a r c h ,  1 9 8 3 ) ;  W i l l  b e  
a v a i l a b l e  t h r o u g h  NTIS 
8 .  Norman H o u l d i n g ,  P r o c .  1 3 t h  PTTI M e e t i n g  ( 1 9 8 1 ) ,  p .  505 
9 .  P r i v a t e  c o ~ n m u n i c a t i o n  w i t h  Dr. J .  Vig  a n d  D r .  E. F i l l e r ,  US 
Army ERADCOM,  N .  J .  
QUESTIONS A N D  ANSWERS 
ALAN JENDLY, OSCILLOQUARTZ: I h a v e  a  q u e s t L o n  r e g a r d i n g  t h e  g -  
s e n s i t i v i t y ,  t h e  s t a t i c  g - s e n s i t i v i t y .  
M R .  KWON: A l l  r i g h t .  
MR.  JENDLY: You m e n t i o n e d  t h a t  you a r e  u s i n g  a n  ~ s c i l l a t o r  w h i c h  
t y p i c a l l y  h a s  a  s t a t i c  g - s e n s i t i v i t y  of f o u r  p a r t s  i n  t e n  t o  t h e  
m i n u s  t e n  p e r  g .  
M R .  KWON: T h a t ' s  cor rec t .  
MR.JENDLY: You a l s o  m e n t i o n e d  t h a t  y o u  a r e  u s i n g  i t  a t  a  b a n d -  
w i d t h  o f  a b o u t  1 0 0  Hz, I b e l i e v e .  T h e n  y o u  s a y  t h a t  t h i s  d e v i c e ,  
t h e  c o m p l e t e  d e v i c e ,  i s  t o t a l l y  i n s e n s i t i v e  t o  o r i e n t a t i o n .  
My q u e s t i o n  i s :  If y o u  t a k e  t h i s  d e v i c e  a n d  s l o w l y  r o t a t e  i t  
b y  1 8 0  d e g r e e s ,  a n d  90 d e g r e e s  w i t h i n  t h e  t h r e e  a x e s ,  d o n ' t  y o u  
m e a s u r e  t h o s e  f o u r  p a r t s  i n  t e n  t o  t h e  t e n ?  
MR. KWON: T h e  a n s w e r  t o  t h a t  q u e s t i o n  i s  no ,  b e c a u s e  we h a v e  a  
v e r y  f a s t  s e r v o  l o o p .  S o ,  t h e  o r i e n t a t i o n  d e p e n d e n c e  o f  t h e  VCXO 
i s  s e r v o e d  o u t  by t h e  p h y s i c s  p s c k a g e .  
